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(71) We, Mitsubishi Rayon Com- 
pany, Ltd.. a corporation organised under 
the laws of Japan, of 8 Kyobashi 2-chome, 
Chuo-Ku, Tokyo, Japan, do hereby declare 
5 the invention, for which we pray that a 
patent may be granted to us, and the method 
by which it is to be performed, to be particu- 
larly described in and by the following 
vtatement: — 

10 

This invention relates to a process for 
producing unsaturated aldehydes, unsatu- 
rated fatty acids or conjugated butadiene by 
catalytic oxidation of t-butyl alcohol, or un- 
15 saturated hydrocarbons with 3 or 4 carbon 
atoms. 

There have heretofore been known 
various processes for catalytic oxidation of 
propylene or isobutylene to obtain corres- 

20 ponding unsaturated aldehydes. Japanese 
Patent Publication No. 32049/72 discloses a 
catalyst comprising molybdenum, antimony, 
bismuth, iron, nickel and oxygen and a 
catalyst wherein tin is further added to said 

25 catalyst When propylene is oxidized cata- 
lytically by the use of this catalyst, the total 
selectivity of acrolein and acrylic acid 
reaches as much as 90 to 91 % where the 
conversion of propylene is 95 %, but the 

30 amount of the by-products is comparatively 
large, namely, the total selectivity of car- 
bon mono-oxide and carbon dioxide is as 
much as 6 to 8 %. On the other hand, when 
isobutylene is oxidized by using this cata- 

35 lyst, carbon monoxide and carbon dioxide 
are by-produced in so increased amounts 
that selectivity of methacrolein is lowered. 
From an industrial standpoint, favorable 
results such as improvement productivity 

40 and removal of reaction heat are brought 
about by suppressing formation of by- 
produced gases as far as possible. A pro- 
cess for producing methacrolein by gas phase 
oxidation of t-butyl alcohol is disclosed 
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by Said Open Japanese Patent Application 45 
No. 32814/73. The catalyst used in this 
process contains thallium, but yield of meth- 
acrolein in a catalyst system not containing 
thallium is about 40 %. 

The present inventors have made studies 50 
over catalysts not containing thallium and 
at last found a novel catalyst effective for 
catalytic oxidation of both isobutylene and 
t-butyl alcohol. 

An object of the present invention is to 55 
provide a novel catalyst for producing meth- 
acrolein in high yield from isobutylene or 
t-butyl alcohol. 

The other object of the present invention 
is to provide a novel catalyst for producing 
methacrolein and 1,3 -butadiene in high yield 
by simultaneously oxidizing isobutylene and 
n-butene. 

According to the present invention, there 
is provided a process for producing corres- 65 
ponding unsaturated aldehydes, unsaturated 
acids or conjugated butadiene by gas phase 
catalytic oxidation of at least one selected 
from the group consisting of unsaturated 
hydrocarbons having 3 or 4 carbon atoms 70 
and t-butyl alcohol by using molecular oxy- 
gen at 200 to 450°C in the presence of a 
catalyst composition of the general formula: 

MOaSbbBicFealSruSnfX^O! 
wherein X is at least one alkali metal 
selected from potassium, rubidium and 
cesium, Y is at least one of palladium, 
cobalt, uranium, germanium, tungsten, and 
titanium, a to h are atomic ratios such that 
when a=12, b— 0.2 to 20. c=0.2 to 12, 
d=0.2 to 12, e=0.2 to 12, f=0 to 20, 
g=0.01 to 4, h=0 to 6 and i is positive and 
has a value determined according to the 
state of oxidation of the other elements pre- 
sent 

Of course, when the product is butadiene, 
the unsaturated hydrocarbon must have four 
carbon atoms. 
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Acrolein can also be produced by using 
the catalyst as represented by the above 
general formula. 

The catalyst of the present invention can 
5 be prepared by a known method. As the 
source for molybdenum in preparation of the 
catalyst, an oxide or a compound convertible 
on heating into oxide is desirable. As such 
a compound, there is ammonium molybdate. 

10 As the sources for antimony and tin, oxides, 
hydrate oxides, chlorides thereof are pre- 
ferred. As the sources for bismuth, iron, 
nickel and alkali metal, oxides or com- 
pounds convertible on heating into oxides, 

15 such as nitrates, carbonates or hydroxides, 
are preferred. In preparation of the cata- 
lyst, carriers may be used. As the 
carriers, silica, alumina or silicon carbide 
may be used. The atomic ratios of 

20 each component in the catalyst can be 
varied within the range as mentioned above. 
The particularly preferable range is that 
when a is 12, b=0.5 to 20, c=0.5 to 6. 
d=0.5 to 6, e=0.5 to 6 and g=0.01 to 2. 

25 When tin is added to the catalyst, the 
strength of the catalyst is increased and the 
catalyst life is made longer. The amount 
of tin added is. preferably in terms of the 
atomic ratio, f=0.5 to 12 when a is 12. 

30 By addition of palladium, cobalt, 
uranium, germanium, tungsten or titanium 
to the catalyst, the reaction temperature can 
be lowered and yield of methacrolein is 
improved. As the sources for these metals. 

35 oxides or compounds convertible on heating 
to oxides are used. The amount of these 
metals added is preferably, in terms of the 
atomic ratio, h=0.01 to 3 when a is 12. 
Tn carrying out the reaction of the present 

40 invention, starting materials such as iso- 
butylene, a mixture of isobutylene and a- 
butene or t-butyl alcohol are preferably 
diluted with inert gases. As inert gases, 
nitrogen, steam or carbon dioxide may be 

45 used. In particular, steam influences favor- 
ably the improvement in yield. As the 
oxygen source to be used for oxidation, air 
or air enriched in oxygen is used. The 
concentration of propylene, isobutylene or 

50 t-butyl alcohol can be varied within the 
range of 1 to 20 vol. %. The concentration 
of oxygen may also be varied within the 
range of 1 to 20 vol. %. 

The reaction pressure is from normal 

55 pressure to several atmospheres. The re- 
action temperature is from 200° to 450°C, 
particularly preferably from 250° to 400°C. 
The contact time is preferably from 0.5 to 
10 seconds. The reaction may be carried 

w out either in a fixed bed or a fluidized bed. 
The present invention is illustrated in 
further detail by referring to the following 
Examples, wherein " parts 99 signifies " Darts 
by weight " and yield is calculated by the 

65 following equation: - . 



Title product (methacrolein, 
methacrylic acid or .1,3- 
butadicne: moles) 

Yield = ■ _ x ioo 

Starting material charged 70 
(moles) 

Example 1 

In 200 parts of water are suspended 27.6 
parts of fine powders of antimony pentoxide 75 
and a solution of 42.5 parts of ammonium 
molybdate dissolved in 200 parts of water 
is added thereto. Then, a solution of 1.0 
part of potassium nitrate dissolved in 10 
parts of water, a solution of 48.5 parts of 80 
bismuth nitrate dissolved in 5C parts of 10 % 
nitric acid and a solution of 16.4 parts of 
ferric nitrate and 5.9 parts of nickel nitrate 
dissolved in 100 parts of water are added 
in this order to the mixture. Finally, 45 85 
parts of silica are added as carrier in the 
form of silica sol. The slurry obtained is 
evaporated to dryness, dried at 120°C and 
thereafter pelletted, followed by calcination 
at 500°C for 6 hours. The catalyst is 90 
packed in a reaction tube, heated to 305°C 
in an air bath, and a mixed feed gas con- 
taining 6 % propylene, 12 % oxgen, 47 % 
nitrogen and 35 % steam (all in mole %) 
is passed therethrough at a contact time of 95 
3.6 seconds. The gas formed is analyzed 
by gas chromatography to obtain the re- 
sult that the total yield of acrolein and 
acrylic acid is 89.7%. 

100 

Example 2 

By the use of the catalyst of Example K 
a mixed feed gas containing 5 % t-butyl 
alcohol, 12 % oxygen. 48 % nitrogen and 
35 % steam (all in mole %) is introduced 105 
into the catalyst layer maintained at 385 ~C 
and passed therethrough at a contact time of 
3.6 seconds. As the result of analysis of the 
formed ^as by gas chromatography, the total 
yield of methacrolein and methacrylic acid is 1 10 
78.0%. 

Example 3 

By the use of the catalyst of Example 1, a 
mixed gas containing 5.4 % mixed butenes H5 
fliaving the composition of 39 % 1-butene, 
10 % cis-2-butene, 10% trans-2-butene and 
41 % isobutylene), 12.6 % oxygen, 35 % 
steam and 47 % nitrogen (all in mole %> 
is introduced into the catalyst layer main- 120 
tained at 360°C and reacted at a contact 
time of 3.6 seconds. As the result of analy- 
sis of the gas formed by gas chromato- 
graphy, per-oass yield of butadiene from n- 
bnteres is 76.0 % and the total yield of 125 
methacrolein and methacrylic acid from 
isobutylene is 77.7 %. 

Example 4 

By using a catalyst having the same com- 130 
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position as in the catalyst of Example 1 
except that 1.5 parts of rubidium nitrate 
are further added, the reaction is carried 
out under the same conditions as in Ex- 
5 ample 1 except that the bath temperature 
is maintained at 310°C to obtain the result 
that the total yield of acrolein and acrylic 
acid is 92.0 %. 

10 Example 5. 

By using the same catalyst as used in 
Example 4, the reaction is carried out under 
the same conditions as in Example 3 to 
obtain the result that the per-pass yield of 

*5 butadiene from n-butenes is 76.6 % and the 
total yield of methacrolein and methacrylic 
acid from isobutylene is 79.6 %. 

Example 6 

20 By using a catalyst having the same com- 
position as used in Example 1 except that 
0.78 parts of cesium nitrate are further 
added, the reaction is carried out under the 
same conditions except that the bath tempe- 

25 rature is maintained at 310°C to obtain the 
result that the total yield of acrolein and 
acrylic acid is 91.7 %. 

Example 7 

30 By using the catalyst of Example 6, a 
mixed feed gas containing 6 % isooutylene, 
12 % oxygen, 47 % nitrogen and 35 % 
steam (all in mole %) is passed at a contact 
time of 3.6 seconds. The total yield of 

35 methacrolein and methacrylic acid is found 
to be 75.8 %. 

Example 8 

When the reaction is conducted by using 

40 the catalyst of Example 6 and maintaining 
the bath temperature at 365°C, otherwise 
being under the same conditions as in Ex- 
ample 3, the per-pass yield of butadiene from 
n-butenes, and the total yield of methacro- 

45 lein and methacrylic acid from isobutylene 
are found to be 79.2 % and 77.9 %, re- 
spectively. 

Example 9 

50 When the reaction is conducted by using 
the same catalyst as used in Example 6 and 
maintaining the bath temperature at 380°C 
otherwise being under the same conditions 
as in Example 2. the total yield of meth- 

55 acrolein and methacrylic acid is found to 
be 81.5 %. 

Example 10 
In 200 parts of water are suspended 27.6 

60 parts of fine powders of antimony pentoxide 
and a solution of 42.5 parts of ammonium 
molybdate dissolved in 200 parts of water is 
added to this suspension. Then, a solution 
of 2.0 parts of potassium nitrate dissolved 

65 in 10 parts of water, a solution of 29.1 



parts of bismuth nitrate dissolved in 50 parts 
of 10 % nitric acid and a solution of 8.2 
parts of ferric nitrate and 11.8 parts of 
nickel nitrate dissolved in 100 parts of water 
are added in this order to the mixture. 70 
Furthermore, a solution of 14.4 parts of 
stannous chloride dissolved in 50 parts of 
10 % nitric acid is added to the mixture and 
finally 45 parts of silica sol are added there- 
to. The slurry obtained is evaporated to 75 
dryness, dried at 120°C and thereafter 
pelleted, followed by calcination at 500°C 
for 6 hours. By using this catalyst, and 
maintaining the bath temperature at 300°C, 
the reaction is performed under otherwise 80 
the same conditions as in Example 1. As 
the result total yield of acrolein and acrylic 
acid is found to be 91.0 %. 

Example 11 85 

The reaction is performed by using the 
same catalyst as used in Example 10 and 
maintaining the bath temperature at 375 °C 
under otherwise the same conditions as in 
Example 7. As the result, the total yield of 90 
methacrolein and methacrylic acid is found 
to be 77.0 %. 

Example 12 

The reaction is performed by using the 95 
same catalyst as used in Example 10 and 
maintaining the bath temperature at 350°C 
under otherwise the same conditions as in 
Example 3. The result is that per-pass yield 
of butadiene from n-butenes is 76.0 % and 100 
the total yield of methacrolein and meth- 
acrylic acid is 78.8 %. 

Example 13 

When the reaction is performed by using 105 
the same catalyst as used in Example 10 and 
maintaining the bath temperature at 375°C, 
otherwise being under the same conditions 
as in Example 2, the total yield of meth- 
acrolein and methacrylic acid is found to be 110 
79.0 %. 

Example 14 

In 200 parts of water are suspended 27.6 
parts of fine powders of antimony pentoxide 115 
and a solution of 42.5 parts of ammonium 
molybdate dissolved in 200 parts of water is 
added to this suspension. Then, a solution 
of 1.0 part of potassium nitrate and 0.78 
parts of cesium nitrate dissolved in 20 parts 120 
of water, a solution of 48.5 parts of bismuth 
nitrate dissolved in 50 parts of 10 % nitric 
acid, a solution of 16.4 parts of ferric 
nitrate, 5.9 parts of nickel nitrate and 11.6 
parts of cobalt nitrate dissolved in 100 parts 125 
of water and a solution of 0.92 parts of 
palladium nitrate dissolved in 20 parts of 
water .are added in this order to the mixture, 
followed 'finally by addition of 45 parts of 
silica as carrier in the form of silica sol. 130 
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The slurry obtained is evaporated to dryness 
and dried at 120°C, then pelleted and 
calcined at 500°C under air stream for 6 
5 hours to provide a catalyst 

Example 15 

A catalyst is prepared in the same 
manner as in Example 14 except that no 
cobalt nitrate is added and L5 parts of 
10 rubidium nitrate are used in place of cesium 
nitrate. 

Example 16 

A catalyst is prepared in the same manner 
15 as in Example 14 except that none of 
cesium nitrate, cobalt nitrate and palladium 
nitrate are added but 1.05 parts of ger- 
manium oxide are added. 

20 Example 17 

A catalyst is prepared in the same manner 
as in Example 14 except that none of cesium 
nitrate, palladium nitrate and cobalt nitrate 
are added but 2.7 parts of ammonium rung- 

25 state are added. 

Example 18 

A catalyst is prepared in the same manner 
as in Example 14 except that none of 
30 cesium nitrate, palladium nitrate and cobalt 
nitrate are added but 3.2 parts of titanium 
oxide are added. 
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Example 19 

A catalyst is prepared in the same manner 
as in Example 14 except that none of 
cesium nitrate, palladium nitrate and cobalt 
nitrate are added but 10.0 parts of uranyl 
nitrate are added. 

Example 20 

In 200 parts of water are suspended 27.6 
parts of fine powders of antimony pentoxide 



and a solution of 42 J parts of ammonium 
molybdate dissolved in 200 parts of water 45 
is added to this suspension. Then, a solu- 
tion of 2.0 parts of potassium nitrate dis- 
solved in 10 parts of water, a solution of 
29.1 parts -of bismuth nitrate dissolved in 50 
parts of 10 % nitric acid, a solution of 8.2 50 
parts of ferric nitrate and 11.8 parts of 
nickel nitrate dissolved in 100 parts of water 
and a solution of 5.0 parts of uranyl nitrate 
dissolved in 20 parts of water are added in 
this order to the mixture, followed further 55 
by addition of a solution of 14.4 parts of 
stannous chloride dissolved in 50 parts of 
10 % nitric acid and finally by addition 
of 45 parts of silica sol. The slurry obtained 
is evaporated to dryness, dried at 120°C, 60 
then pelleted and calcined at 500°C for 6 
hours. The product is used as a catalyst. 

Example 21 

A catalyst is prepared in the same manner 65 
as in Example 20 except that no uranyl 
nitrate is added but 5.8 parts of cobalt 
nitrate are added. 

Example 22 70 

A catalyst is prepared in the same manner 
as in Example 20 except that 0.46 parts of 
palladium nitrate and 1.6 parts of titanium 
oxide are further added. 

75 

Each catalyst prepared in Examples 14 
to 22 is used in respective reaction wherein 
a mixed feed gas containing 5 % t-butyl 
^fohol. 12 % oxygen. 48 % nitrogen and 
35 % steam (all in mole %) is mtroded into 80 
the catalyst layer maintained at respective 
temperature and passed therethrough at a 
contact time of 3.6 seconds. The gases 
formed are analyzed to obtain the result as 
shown in Table 1. 



Table 1 
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No. 


Catalyst elements 


14 


Mo-Sb-Bi-Fe-Ni-K-Cs-Pd-Co 


15 


Mo-Sb-Bi-Fe-NI-K-Rb-Pd 


16 


Mo-Sb-Bi-Fe-Ni-K-Ge 


17 


Mo-Sb-Bi-Fe-Ni-K-W 


18 


Mo-Sb-Bi-Fe-Ni-K-Ti 


19 


Mo-Sb-Bi-Fe-Ni-K-U 


20 


Mo-Sb-Bi-Fe-Ni-Sn-K-U 


21 


Mo-Sb-Bi-Fe-Ni-Sn-K-Co 


22 


Mo-Sb-Bi-Fe-M-Sn-K-U-Pd-Tl 
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WHAT WE CLAIM IS: — 
1- A process for oroducing corresponding 
105 unsaturated aldehydes, unsaturated acids or 
conjugated butadiene by gas phase catalytic 
oxidation of at least one selected from the 



Reaction temperature 

rc> 

330 
350 
345 
360 
355 
365 
350 
355 
340 



Yield of 
methacrolein and 
methacrylic acid 
(%) 

84.0 
83.7 
82.5 
81.0 
82.2 
81.5 
82.3 
83.5 
83.1 



group consisting of unsaturated hydrocar- 
bons having 3 or 4 carbon atoms and Hratyl 
alcohol by using molecular oxygen at 200° 
to 450°C in the presence of a catalyst com- 
position of the general formula: 
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Mo a Sb b BiJFe ( iNi 0 Sn x X c Y 11 Oi 
wherein X is at least one alkali metal 
selected from potassium, rubidium and 
cesium, Y is at least one of palladium 
3 ™** t > u ^ niun i germanium, tungsten and 
titanium, the suffixes a to h are atomic ratios 
such that when a=12, b=0.2 to 20, c=02 to 
12 ' $T 0 ' 2 to 12 - e=0 - 2 to 12, f=0 to 20, 
in g ^ 0 ; 01 to 4 ?* d h==0 to 6. and i is positive 
10 and has a value determined by the states of 
oxidation of the other elements present 
«. i?* 4 Process according to claim 1 wherein 
t-butyl alcohol is catalytically oxidized in 
the gas phase to produce a major amount of 
^ methacrolem and a minor amount of meth- 
acryhc acid. 

3. A process according to claim 1 wherein 
a mixture of isobutylene and n-butene is 
catalytically oxidized in the gas phase to 
produce methacrolein, a small amount com- 

. 4 : 4 P rocess according to claim 1 where- 
in isobutylene is catalyticaUy oxidized in 
25 the gas phase to produce a major amount 
of methacrolem and a minor amount of 
methacryhc acid. 

. 5. A process according to claim 1 where- 
m propylene is catalytically oxidized in the 
w gas phase to produce a major amount of 
acrolein and a minor amount of acrylic acid. 
&. A process according to anyone of the 
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preceding claims wherein the component X 
is potassium. 

7. A process according to anyone of 35 
claims l to 5 wherein the component X is 
cesium. 

8. A process according to anyone of the 
preceding claims wherein the component X 
is potassium and cesium. 

9. A process according to any of the pre- 
eedmg claims wherein the atomic ratios a to 
thL ! ^ ly ? ^Positions are such that 
when a= 12 b=0.5 to 20, c=0.5 to 6, 
d =0.5 to 6, e=0.5 to 6. f=0 to 20 
g=0.01 to 2 and h=0.01 to 3. 
. 10. A process according to ciaim 9 where- 
in the component Y is palladium. 

<*}b u P roce5S fo * catalytic oxidation sub- 

S&S^ herein * any one 0f 50 

12. An unsaturated aldehyde, unsaturated 
acid or conjugated butadene oxidised pro- 
duct whenever obtained by the process of 
any one of claims 1 to 11. 55 
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Agents for the Applicants. 



